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Abstract: We propose and demonstrate a direct method to observe surface solitons in vertical
cavity surface emitting lasers (VCSELs) at room temperature. By modeling the interface between
a saturable Kerr-type medium and a parabolic lossy waveguide, the formation and the existence of
surface solitons are shown numerically.
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1. Introduction and Experimental Demonstration
Surface waves are a ubiquitous phenomena that have been observed in wide areas of physics including optics. Optical
surface waves are waves localized at the interface between two different media which can be either linear or nonlinear
[1]. Cavity solitons (CS) are a peculiar kind of solitons which occur in a dissipative environment. They are considered
to be an important candidate for optical parallel processing because they can be formed in semiconductor micro-
resonators. CS have been theoretically predicted and observed in resonators with different nonlinear media like Kerr,
saturable etc [2]. In the present work we extend the idea of CS to cavity surface waves, which is observed only at the
interface of the resonator and search for such stationary solutions which can exist only at the interface between two
media.
The scanning electron microscope (SEM) image of our AlGaAs-based VCSEL used in our experiments are shown
in Fig. 1 (Left). Our geometry of interest consists of a ring cavity at the edge of which we have a circular lossy
waveguide. The threshold current for lasing condition is about 6mA. After the VCSEL is turned on, we using near-
field scanning optical microscope (NSOM) operated at the collection mode to measure the electromagnetic intensity
distribution on the aperture surface. When the injection current is below the threshold condition, the spontaneous
emission patterns just reflect the surface structured cavity. Then at the current above the threshold condition, for
example 6:5 mA in Fig. 1(Right), a clear surface wave localized in the outer ring is demonstrated directly.
Fig. 1. Left: SEM image of the VCSEL used in our experiment. Center: the near-field image at the injection current 3mA; and Right: the near-field
image at the injection current 6:5mA.
2. Model and analysis
To illustration the experimental demonstration for the cavity surface waves inside a micro-structured vertical cavity
surface emission semiconductor laser (VCSEL), we start with a 1D model and study the system with a standard
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relaxation method which will then be extended to 2D. Here we report the results of our study in 1D.
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Fig. 2. Left: Schematic of the 1D structure of the VCSEL. Center: Typical profile of the stationary solution at the interface (dotted line) along with
the form of index well (line). Right: Field profile of the stationary solutions for C = 4 and ! = 2:2.
In Fig. 2(Left), we consider a medium such that at the left of x = 0, we have a saturable medium and to the right
we have a lossy Kerr medium with a parabolic index well. It has to be noted that the width of the saturable medium is
almost three times the width of the waveguide. The wave equation for the two regions in such a 1D micro-cavity can
be written in the form
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where V (x) =  5(1 + 0:001i)x2 for x > 0 and V (x) = 0 for x < 0 as we are considering a lossy parabolic
waveguide and C is a constant which is related to the injection current of the system and is always positive. We look
for stationary solutions of Eq. 1 in the form E(x; ) = u(x)Aei! . Typical stationary solutions exist at the boundary
for values of ! > 0 are shown in Fig. 2. The values of ! in the gap (shown by thick lines) show an interesting behavior.
With increase in !, we first observe that there is no stationary bright soliton solutions; further increase gives us broad
higher order stationary solutions. We then again reach a region where we do not have any stationary solutions after
which we are able to again find bright stationary solutions.
3. Conclusions
In conclusion, we studied the existence of cavity surface solitons in a micro structured VCSEL. Surface solitons
are found to exist at the interface between the saturable medium and the lossy parabolic Kerr waveguide for positive
values of ! numerically. More comparison between our simulation results and experimental observations would be
given for further demonstration.
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